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Myocardial bridge (MB) is the myocardial bundles covering a segment of a coro-
nary artery or one of its branches. This work aimed to study the morphological 
properties of MB and their effects on the structure of the dominant coronary 
artery. Sixty adult human hearts (40 male and 20 female) were obtained from the 
Anatomy Department, Faculty of Medicine, King Abdulaziz University. Dissection of 
the coronary arteries and their main branches was done. Number, site, length and 
thickness of MB were determined in correlation with coronary dominancy. External 
diameter of proximal and distal segments of bridged branches and histology of 
the different segments of the anterior interventricular artery were examined as 
well. Thirty-six MB were observed in 27 (45%) hearts (18 male and 9 female). 
MB were mostly observed on the middle segment of the anterior interventricular 
artery (52.8%) and to a lesser extent on its diagonal branch (13.8%), posterior 
interventricular artery (13.8%), median and left marginal branches (5.6%), and 
right coronary artery stem (2.8%). In 30% out of 56.7% of right, in 8.3% out of 
26.7% of balanced and in 6.7% out of 16.7% of left dominant hearts revealed 
MB. The mean length of MB was 24.9 ± 1.98 mm and that of their thickness was 
2.28 ± 0.13 mm. Morphological differences in external diameter and histological 
structure of the different parts of bridged branch were observed. Knowledge of 
morphological aspects and effects of MB provide better therapeutic and surgical 
interventions for clinicians dealing with patients having MB. (Folia Morphol 2014; 
73; 2: 169–182)
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INTRODUCTION
Coronary arteries and their branches course bene-
ath the epicardium within the cardiac adipose tissue. 
However, at a certain area of their original course, 
a segment of the coronary artery and/or one of its main 
branches is/are sometimes partly covered by myocar-
dial tissue. This condition is defined as a myocardial 
bridges (MB) [22]. MB may constitute a common 
anatomic variant [18] or a benign congenital abnor-
malities of coronary arteries [2, 22]. The prevalence 
of MB has been reported to be 15–88.0% in cadavers 
and 0.5–12% by coronary angiography [2, 4, 22]. 
MB are commonly seen on the left coronary artery 
(LCA) trunk and/or on one of its branches, especially 
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on the anterior interventricular artery (AIA), which 
represents 12–63% of MB, its lateral branch (13%) 
and its circumflex artery (2.8–6.7%). Also, they are 
observed on the diagonal artery (DA), marginal arte-
ries, posterior interventricular artery (PIA) and right 
coronary artery (RCA) [26].
Although most of MB are clinically silent, the 
longest and deeper ones may compress coronary ves-
sels underneath and compromise myocardial blood 
supply. The direct compression of MB during the 
cardiac systole and enhancement of MB to the natural 
progression of coronary atherosclerosis with subse-
quent changes in haemodynamic stress driven by the 
force of the MB contraction may be the main factors 
that concomitant the occurrence of coronary heart 
disease (CHD) with presence of MB [4, 15, 22]. Several 
studies have also documented the association of MB 
with CHD such as myocardial ischaemia, arrhythmia, 
acute coronary syndromes or sudden death [4, 15].
From the histopathological and clinical points 
of view, the presence of MB protects the tunnelled 
segment of coronary artery from the development of 
atherosclerosis by 3 main mechanisms, including: low 
tensile stress, high shear stress and decrease tension 
of the coronary wall [8]. Thus, the MB are considered 
as atheroprotective factor through the surrounding 
myocardium that acts as haemodynamic microenvi-
ronment within the bridges [15].
The concept of coronary dominance arose from 
the fact that the PIA can originate from different ar-
teries. According to Schlesinger [27], the circulation 
was named ‘right dominant’ if the artery from which 
the PIA and posterolateral branches emerge is the 
RCA, while it was named ‘left dominant’ if the origin 
of these branches is the left circumflex artery. The 
cases in which the RCA gives off the PIA and the left 
circumflex gives off the posterolateral branches were 
referred to as having balanced circulation. However, 
there are other patterns that do not fit into this clas-
sification [12, 20]. Right dominant circulation is the 
commonest in 42–87% of the general population, 
while left dominant circulation for general population 
is 10–24% and the co-dominance (balanced) circula-
tion is 3–44% [12, 20, 27].
The aim of the present study was to determine the 
incidence, location, number, length and thickness of 
the MB over the coronary arteries and/or their main 
branches in adult human male and female hearts, as 
well as the relationship between the incidence of MB 
and dominant circulation of the coronary arteries. 
Indeed, the effects of MB on the external diameter 
of the main branches of coronary arteries and the 
histological structure of the AIA at the proximal, 
mid- and distal points of MB were studied.
MATERIALS AND METHODS
Sixty hearts of adult human cadavers (40 males 
and 20 females) were obtained from the Anatomy 
Department, Faculty of Medicine, King Abdulaziz 
University, Jeddah, Saudi Arabia. The hearts were 
preserved in 10% formalin. The epicardium and epi-
cardial fat were carefully dissected. The hearts were 
cleaned with 15% KOH solution to extract the rema-
ining pericardial fat. Coronary arteries and their main 
branches were carefully delineated throughout their 
courses using a dissecting microscope. The prevalen-
ce and location of the MB on the coronary arteries 
and/or their branches were determined taking sam-
ple gender into account. The length, thickness and 
distance of the MB were measured as well with an 
electronic (digital) Vernier caliper (0.01 mm accura-
cy). The external diameter of the artery at the points 
just before and after the MB was also measured. The 
correlation between incidence of MB and coronary 
dominancy, according to Schlesinger [27] dominance 
criteria (1940) was performed.
Specimens from the AIA at the course points just 
before, at mid-point and just after the MB were ta-
ken. The specimens were prepared for light microsco-
pic examination. 3–5 µm sections from the paraffin 
blocks of each specimen were stained with haema-
toxylin and eosin (H&E), Masson’s trichrome (MTC) 
and Periodic acid Schiff (PAS) stains to determine the 
effect of MB on the histological structure of different 
segments of the bridged artery.
The data were collected in excel software sheets 
and analysed statistically using SPSS version 16 for 
Windows (Chicago, USA). Mean ± standard error of 
mean (SEM) for the continuous variables were calcu-
lated, whereas nominal variables were described in 
terms of number and percentages for sex, male and 
female. One-way ANOVA and c2 test (for non-para-
metrically distributed values) were used for multiple 
comparisons of the morphological characteristics of 
MB among the male and female hearts. Correlation 
between the length and thickness of MB, proximal 
and distal external diameter of each and both sexes, 
incidence of MB and dominancy of coronary circula-
tion were determined by Pearson’s correlation coef-
ficient method. Values at p < 0.05 were considered 
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statistically significant. This descriptive anatomical 
study was performed after the agreement of the 
medical ethical committee of the faculty of medicine, 
King Abdulaziz University, Jeddah, Saudi Arabia.
RESULTS
A total of 36 MB were identified in 27 out of 
60 (45%) hearts, 18 (45%) male and 9 (45%) female: 
20 hearts showed a single MB (12 male and 8 female) 
affecting 8 AIA, 5 PIA, 2 right marginal arteries (RMA), 
2 left marginal arteries (LMA), 2 median branch of 
LCA and 1 over the stem of RCA, while in 7 out of 
27 hearts more than 1 bridge was detected; 5 hearts 
had 2 MB (4 male and 1 female) and 2 male hearts 
showed 3 MB. Thirteen out of 19 MB affecting the AIA 
were of superficial type and the other 6 MB were of 
deep type. The number of MB was more frequent in 
male (26/36) than in those of female (10/36) hearts. 
Most of MB were noted over the branches of LCA — 
28/36 (77.8%) hearts. The most common location of 
MB was seen over the AIA, where 19 out of 36 MB 
(52.8%) were observed over the AIA (Fig. 1A). Five 
(13.8%) MB were found over the DA of LCA (Fig. 1B), 
2 (5.6%) MB on the median branch of LCA (Fig. 1C), 
2 (5.6%) MB over the LMA (Fig. 1D). Eight out of 
36 (22.2%) MB were seen over RCA and its branches 
(Fig. 2), 5 (13.8%) over PIA (Fig. 2C), 2 (5.6%) over 
the RMA (Fig. 2B) and 1 (2.8%) over the stem of 
RCA (Fig. 2A). In male hearts, the MB were seen in 
18  out of 40 hearts (45%). These MB were seen over 
the AIA in 9/40 (22.5%) hearts, over the DA in 2/40 
(5%) hearts, over the median branch of LCA in 2/40 
(5%) hearts, over LMA in 1/40 (2.5%) heart, over PIA 
in 4/40 (10%) hearts, over RMA in 1/40 (2.5%) heart 
and over the stem of RCA in 1 (2.5%) heart, while in 
female, the MB were noted in 9 out of 20 hearts. MB 
were observed over AIA in 5/20 (25%) hearts and in 
1 (5%) heart over the DA, LMA, PIA and RMA (Table 1).
The MB over AIA were located mainly over upper 
and middle thirds (Fig. 1), found in 7/19 (36.8%), over 
the middle third in 6/19 (31.5%), over the middle and 
lower thirds in 4/19 (21%) and over the lower third only 
in 2/19 (10.5%). In male, in 5 (38.5%) of the MB were 
seen over the upper and middle thirds, in 4 (30.8%) 
over the middle third, in 3 (23.1%) over the middle 
and lower thirds and in 1 (7.7%) over the lower third. 
However, in female hearts, 2 (33.3%) of the MB were 
seen over the upper and middle thirds, 2 (33.3%) over 
middle third, 1 (16.7%) over both middle and lower 
thirds and 1 (16.7%) over its lower third (Table 2).
Figure 1. A light photograph of adult human hearts showing the distribution of the myocardial bridges (MB) on the different branches of the 
left coronary artery (LCA): A. On anterior interventricular artery (AIA); B. On the diagonal branch (DA) of the anterior interventricular artery;  
C. On the median branch (MA) of the LCA; D. On the left marginal branch (LMA); Cx — circumflex branch of LCA; LA — left auricle; LV — left 
ventricle; RCA — right coronary artery.
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The MB were seen at a mean distance of 38.2 ± 
± 5.3 mm from the beginning of the AIA with 
a range of 20.9–86.7 mm from the same point. The 
mean of MB length was 24.9 ± 1.98 mm and that 
of MB over AIA was 26.8 ± 3.5 mm in male and 
26.5 ± 3.4 mm in female hearts. The mean of the 
MB thickness was 2.28 ± 0.13 mm, 2.5 ± 0.17 mm 
over AIA, 2.37  ±  0.22  mm over AIA in male and 
2.37 ± 0.24 mm over AIA in female, 1.8 ± 0.3 mm 
over DA, 1.41 ± 0.24 mm over PIA, 1.46 ± 0.21 mm 
over LMA and 0.99 ± 0.15 over RMA. The MB sho-
wed little effect on the diameter of their underlying 
arteries, where the mean of the external diameter of 
AIA proximal to the MB was 3.1 ± 0.16 mm and its 
measure was 2.97 ± 0.16 distal to the MB, for DA 
measured 2.52 ± 0.13 proximal to MB and 2.42 ± 
± 0.13 mm distal to MB, for PIA was 2.56 ± 0.24 mm 
proximal to MB and 2.44 ± 0.18 mm distal to MB, 
Table 2. Distribution of myocardial bridges over different parts of anterior interventricular artery
Apper and middle thirds Middle third Middle and lower thirds Lower third
Male 5 (38.5%) 4 (30.8%) 3 (23.1%) 1 (7.7%)
Female 2 (33.3%) 2 (33.3%) 1 (16.7%) 1 (16.7%)
Total 7 (36.8%) 6 (31.5%) 4 (21%) 2 (10.5%)
Figure 2. A light photograph of adult human hearts showing distribution of the myocardial bridges (MB) on the different branches of the right 
coronary artery (RCA): A. On the main stem of right marginal artery (RMA); B. On the RMA of RCA; C. On the posterior interventricular artery 
(PIA); AIA — anterior interventricular artery; LV — left ventricle; RV — right ventricle; RA — right auricle; LA — left atrium.
Table 1. Incidence of myocardial bridges (MB) on the different branches of coronary arteries
Site of MB Total MB Male hearts (40) Female hearts (20)
Relative  
(36 MB)
Absolute  
(27 hearts)
Relative  
(26 MB)
Absolute  
(18 hearts)
Relative  
(10 MB)
Absolute  
(9 hearts)
AIA 19 (52.8%) 14 (23.3%) 13 (50%) 9 (22.5%) 6 (60%) 5 (25%)
DA 5 (13.8%) 3 (5%) 4 (15.4%) 2 (5%) 1 (10%) 1 (5%)
LMA 2 (5.6%) 2 (3.3%) 1 (3.8%) 1 (2.5%) 1 (10%) 1 (5%)
MA 2 (5.6%) 2 (3.3%) 2 (7.7%) 2 (5%) 0 0
PIA 5 (13.8%) 3 (5%) 4 (15.4%) 2 (5%) 1 (10%) 1 (5%)
RMA 2 (5.6%) 2 (3.3%) 1 (3.8%) 1 (2.5%) 1 (10%) 1 (5%)
RCA Stem 1 (2.8%) 1 (1.7%) 1 (3.8%) 1 (2.5%) 0 0
Total MB 36 (100%) 27 (45%) 26 (100%) 18 (45%) 10 (100%) 9 (45%) 
AIA — anterior interventricular artery; DA — diagonal branch of AIA; LMA — left marginal artery; MA — median branch of left coronary artery; PIA — posterior interventricular artery; 
RMA — right marginal artery; RCA — right coronary artery
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for LMA it measured 2.3 ± 0.007 proximal to MB and 
2.2 ± 0.005 distal to MB and it was 2.05 ± 0.15 mm 
proximal and 1.99 ± 0.15 mm distal to MB for 
RMA. Statistically, an extreme statistical significance 
(p < 0.0001) was detected between the length and 
thickness of MB over most of the branches. Meanwhile, 
the pre-bridge and post-bridge diameters of most of 
the arterial branches reported no significance in same 
group or between male and female hearts (Table 3).
Three main patterns of the coronary circulation 
(Fig. 3) were observed in the present study (Table 4). 
Right coronary dominancy (Fig. 3A) was the predo-
minant pattern in 34 out of 60 (56.7%) hearts with 
no sex difference, where it was found in 23 out of 40 
male hearts (57.5%) and in 11 out of 20 female hearts 
(55%). Meanwhile, the balanced coronary circulation 
(Fig. 3C) was noted in 16 out of 60 hearts (26.7%). 
This pattern was observed in 11 out of 40 male hearts 
(27.5%) and was found in 5 out of 20 female hearts 
(25%). Left coronary circulation (Fig. 3B) was seen 
in 10 (16.7%) hearts — 6 (15%) male and 4 (20%) 
female (Table 4).
In correlation with the dominancy of coronary 
circulation, most of MB were observed in right domi-
nant hearts, where they were observed in 18 out of 
34 hearts (52.9%); 12 out of 23 were male (52.2%) 
and 6 out of 11 were female (54.6%) hearts. Me-
anwhile, MB were seen in 4 out of 10 hearts (40%) 
of the left coronary dominancy, 3/6 male (50%) and 
1/4 (25%) female hearts. In the hearts with balanced 
Table 3. Measurements of myocardial bridges (MB) and diameters of their underlies arteries (mean ± SEM)
Coronary artery branch Length of MB Thickness  
of MB
Distance from  
the origin 
Pre-bridge  
diameter (D1)
Post-bridge  
diameter (D2)
Total MB 24.9 ± 1.98a 2.28 ± 0.13a 38.1 ± 4.4 – –
Total AIA 26.7 ± 2.9b 2.5 ± 0.17b 38.2 ± 5.3 3.09 ± 0.16 2.97 ± 0.16
Male AIA 26.8 ± 3.5c 2.37 ± 0.22c 44.5 ± 2.5 3.2 ± 0.28 3.02 ± 0.12
Female AIA 26.5 ± 3.4d 2.37 ± 0.24d 29.8 ± 2.4 3.04 ± 0.2n 2.94 ± 0.2n
Total DA 6.5 ± 0.9 1.8 ± 0.3 – 2.52 ± 0.13 2.42 ± 0.13
Male DA 7.25 ± 1.1e 1.7 ± 0.3e – 2.54 ± 0.16 2.42 ± 0.14
Female DA 5.0 ± 1.0 1.95 ± 0.55 – 2.48 ± 0.34 2.42 ± 0.36
PIA 5.13 ± 0.31f 1.41± 0.24f – 2.56 ± 0.24 2.44 ± 0.18
LMA 9.0 ± 4.0 1.46 ± 0.21 – 2.3 ± 0.007H 2.2 ± 0.005H
RMA 10.0 ± 2.0g 0.99 ± 0.15g – 2.05 ± 0.15 1.99 ± 0.15 
Number (60); mean ± SEM, a, b, c, d, e, f, g, H, n: an extreme significance between MB length vs. MB thickness of same group (p < 0.0001); AIA — anterior interventricular artery;  
DA — diagonal branch of AIA; PIA — posterior interventricular artery; LMA — left marginal artery; RMA — right marginal artery
Figure 3. A light photograph of adult human hearts showing 3 types of dominant coronary circulation: A. Right dominant type; B. Left do-
minant type; C. Balanced type; AIA — anterior interventricular artery; RCA — right coronary artery; LV — left ventricle; PIA — posterior 
interventricular artery; RV — right ventricle; RA — right auricle; CS — coronary sinus; MCV — middle cardiac vein; CX — circumflex branch 
of left coronary artery; LA — left auricle; MB — myocardial bridge.
174
Folia Morphol., 2014, Vol. 73, No. 2
circulation, MB were seen in 5 out 16 hearts (31.3%), 
3/11 (27.3%) were male and 2/5 (40%) were female 
hearts (Table 4).
The structure of the bridged AIA revealed dif-
ferent histological findings in its proximal, under 
and distal segments. The segment of AIA proximal 
to MB showed wide lumen, thick intima and sub-
-intimal layers, prominent muscle fibres within 
its media with no well demarcation between the 
adventitia of the artery and its surrounding my-
ocardium (Fig. 4A). An excessive amount of the 
elastic fibres was determined within the sub-inti-
mal layer with duplication of the internal elastic 
lamina, in-between the muscle bundles of the 
media and within the adventitia (Fig. 4B, C). How-
ever, the segment of AIA under the MB revealed 
relative narrower lumen and thinner intimal and 
medial layers with no direct contact between the 
adventitia and muscle fibres of its overlying MB 
(Fig. 5A–C). In the distal segment of the affected 
AIA, a relative wider lumen and thicker intimal 
and medial layers were observed. Its adventitia 
contained nerve, collagen and elastic fibres as 
well (Fig. 6A–C).
Figure 4. Light photomicrographs of the proximal segment of anterior interventricular artery to the myocardial bridge showing in 4 (A, B): 
wide arterial lumen (L), thick intimal (I) and medial (M) layers (A) with wide sub-intimal layer (S) in-between. Direct contact is seen between 
the outer adventitial layer (A) of the artery and its underlying myocardial fibres (my); C. An excessive amount of the collagen fibres is seen 
within the sub-intimal layer (S) and adventitia (A) with duplication of the internal elastic lamina into inner (IE) and outer (E2) layers by the 
masson trichrome stained section; D. A positive PAS reaction is present with the different layers of the segmental wall; B — blood vessel; 
panel A — H&E × 40; panel B — H&E × 100; panel C — Masson trichrome stain ×100; panel D — PAS stain × 100.
Table 4. Dominant coronary circulation and its correlation with the incidence of myocardial bridge (MB)
Variable Right dominancy Left dominancy Balanced dominancy 
Male Female Total Male Female Total Male Female Total
Incidence (%) 57.5% 55% 56.7% 15% 20% 16.7% 27.5% 25% 26.7%
With MB (Absolute) 30% 30% 30% 7.5% 5% 6.7% 7.5% 10% 8.3%
With MB (Relative) 52.2% 54.6% 52.9% 50% 25% 40% 27.3% 40% 31.3%
MB on LCA (Relative) 34.7% 27.3% 32.3% 33.3% 25% 30% 27.3% 40% 31.3%
MB on RCA (Relative) 17.3% 18.3% 17.6% 16.7% 25% 10% 9.1% 0 6.3% 
LCA — left coronary artery; RCA — right coronary artery; Absolute — related to the total number of hearts in each group; Relative — related to the incidence of myocardial bridges in the same group
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Figure 5. Light photographs of the bridged segment of the anterior interventricular artery showing in 5 (A, B) thin intimal (I) and medial (M) 
layers and thick adventitia (A) with no direct contact between the adventitial layer (A) and its overlying myocardial bridge (MB), as there is  
a well demarcated space (S) in-between; C. Little amount of collagen fibres is seen within the sub-intimal layer and in-between the muscle 
fibres of MB, while the adventitia contains an excessive amount of collaged fibres; D. A strong positive PAS reaction is seen in the intimal  
layer (I) and a weak reaction is observed in the other layers of the arterial wall; L — the lumen of arterial segment; panels A and B — H&E; 
panel C — Masson trichrome stain × 100; panel D — PAS-stain × 100.
Figure 6. Light micrographs of the distal segment of anterior interventricular artery to myocardial bridge showing a relative wide lumen (L), 
thick intima (I) and a moderate thick media (M) with little amount of collagen fibres in intimal (I) and sub-intimal layers of this segment. Weak 
positive PAS reaction is observed in intimal (I), sub-intimal and adventitial (A) layers of this segment; B — blood vessels; my  — myocardial 
muscle fibres; panel A — H&E × 40; panel B — H&E × 100; panel C — Masson trichrome stain × 100; panel D — PAS stain × 100.
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DISCUSSION
MB are currently controversial research subje-
ct. Although the MB were recognised many years 
ago, their exact physiopathology and clinical sig-
nificance have not yet been definitely established 
till now. Different explanations were supposed to 
explain the evolution and physiopathology of MB. 
Some authors considered MB as being normal in-
tramural arteries [21]; others believed MB as a va-
scular heart variation that resulted from failure of 
synchronisation between the development of the 
myocardium and the epicardial coronary branches, 
where a segment of 1 epicardial branch was tunnel-
led by a bundle of myocardium [2, 5]; conversely, 
other authors have suggested that MB are not an 
anatomic variation, but they occurred as a result 
of a developmental defect in the resorption of the 
cardiac musculature that encircles the epicardial 
arteries. Lastly, on the developmental basis, 3 types 
of coronary arteries were mentioned. In type 1, 
the major coronary arteries were embedded in the 
myocardium beneath the epicardial surface. This 
type was described in rodents. In type 2, coronary 
arteries had a predominant epicardial course. This 
type includes human, carnivores, small ruminants 
and primates. In type 3, extremely rare MB were 
reported in animals such as horse and pig. Thus, 
the MB are congenital in origin and likely reflect an 
evolutionary remnant in genetic code [22].
In the present study, the incidence of MB reve-
aled no sex difference in the number of the affected 
hearts, where 18 out of 40 (45%) male hearts and 
9 out of 20 (45%) female hearts showed MB. Me-
anwhile, a male predominance was observed regar-
ding the number of MB, as 26 MB were recorded in 
40 male hearts and 10 MB were observed in 20 fe-
male hearts. In agreement with the results of the 
present study, MB were noted in 40.3% and 40.4% 
of their specimens respectively [5, 28]. However, 
a higher incidence of MB (64%, 56%, 55.6% and 
52%) was reported in literature [6, 12]. Moreover, 
a significance discrepancy was reported between 
cadaveric and angiographic studies regarding the 
incidence, frequency and prevalence of MB, where 
in cadaveric studies, the range of MB incidence 
was 5–86%, while in the angiographic studies, the 
occurrence of MB ranged from 0.5% to 33% [4, 19, 
26]. The difference in the incidence and frequency 
of MB was supposed in part to be attributed to 
the sample size, morphological characters of MB, 
method of research, gender and ethnicity of the 
population selected [26].
In the present study, the most common location 
of the MB was seen over the AIA branch (52.8%) of 
the LCA, especially its middle third, with no significant 
sex difference. These findings were in accordance 
with the results stated in literature [5, 12, 26, 28]. 
According to the results of previous literature, the 
second common location of the MB was the diagonal 
branches of AIA and PIA branch of RCA (13.8%, each) 
[5]. However, a lower incidence of MB was reported 
over DA and PIA branches [12, 28]. The actual cause 
of higher incidence of the MB over middle third of 
the AIA remains unclear [6].
In the present study, single MB was seen in 20 out 
of 27 hearts (74.1%), double MB in 5 hearts (18.5%) 
and 3 MB in 2 hearts (7.4%). However, Fazliogulla-
ri et al. [12] found 55 MB in 32 out of 50 hearts, 
18 (56.3%) single, 8 (25%) double, 4 (12.5%) triple 
and more than 3 MB in 6.4%. Meanwhile, Saidi et al. 
[28] in Kenyans found single MB in 33 out of 44 (75%) 
of the affected hearts, double MB in 2 (4.5%) hearts 
and triple or more in 5 (20.5%) hearts. Ballesteros et 
al. [5] observed 92 MB in 62 out of 154 hearts, single 
MB in 42 (67.8%) hearts, 2 MB in 11 (17.7%) hearts, 
3 MB in 8 (12.9%) hearts and 4 MB in 1 (1.6%) heart.
In accordance with the results of previous cada-
veric studies in Colombian [5] and Kenyan [28] po-
pulations, the result of present study revealed higher 
incidence of MB in male hearts (72.2%) than those of 
female hearts (27.8%), with no significant statistical 
difference. However, a female predominance was 
reported by Konen et al. [18]. Thus, the higher inci-
dence of CHD in males than those in females might 
be in part related to the higher incidence of MB in 
male hearts than that of female hearts.
Morphological characters of MB, including number, 
location, length, thickness and distance from the ori-
gin of the bridged artery might have an effective role 
in producing ischaemic symptoms [4]. In literature, 
a wide range of MB length was reported, where their 
length varied from 3.6 mm to more than 50 mm [19]. 
In the present study, the mean length of MB was 
24.9 ± 1.98 mm for all MB, 26.7 ± 2.9 mm over AIA, 
6.5 ± 0.9 mm over DA and 5.13 ± 0.13 mm over PIA, 
however, the mean length of MB was 19.4 ± 10.4 mm 
in Colombians [5]. In agreement with the results 
of the present study, the mean length of MB was 
30, 26, 25 mm and 22.7 ± 11.94 mm [19, 20, 28]. 
In 11% of the cases, the MB revealed an average 
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length of 34.9–50 mm [28], whereas lower averages 
(13–17 mm) were reported [5, 12]. The length of MB 
was significantly higher in LCA branches than those in 
RCA. Such longer MB might predispose to myocardial 
ischaemia in absence of atheroma due to prolonged 
systolic compression [20].
The difference in prevalence rate of MB could 
be explained to some extent by studying the de-
velopmental aspects of coronary arteries, where in 
an earlier stage of cardiogenesis the tubular heart 
consists of an endothelial tube within a muscular 
tube with no epicardium. In a later stage, the 
septum transversum gives proepicardial outgro-
wth that forms the epicardium. The cells of the 
proepicardial migrate to envelop the heart to form 
the epicardium and pericardium. The migration of 
epicardial cells is regulated by signalling mecha-
nisms that in turn give out the signals participating 
in regulation of myocyte proliferation, growth 
and final myocardial pattern. The myocardium 
gives factors to control the epithelial-mesenchymal 
transition of epicardial cells. The mesenchymal 
cells within the myocardium form the coronary 
arterial system. The migration of mesenchymal 
cells through the developing myocardium could 
explain the embryogenesis of MB over the bran-
ches of coronary arteries [25].
In the previous cadaveric studies, thickness of MB 
varied from 0.18 to 3.8 mm. The thickest MB were 
seen over AIA and the thinnest ones were noted 
over LMA [5]. However, a wider range (5–27 mm) 
and a higher mean (12 mm) of MB thickness were 
noted [20]. The later authors added that in 91.3% 
of the cases the tunnelled coronary arteries exhibi-
ted deep intramural course, while in the remaining 
(8.6%) cases, the tunnelled coronary arteries had 
a superficial intramural course. These superficial MB 
were found over the AIA. The results of the present 
study revealed no significant gender differences in 
the length, thickness or location of MB. In Kenyans, 
the MB were classified depending on their thickness 
into 3 main categories: 1) superficial, which had a ran-
ge of thickness 0.3–1.87 mm in 68.3% of cases; 
2) intermediate, with a range of thickness 1.88–3.45 mm 
in 22.7% of cases and 3) deep, with a range 3.46– 
–5 mm in 9% of cases. The author revealed no sig-
nificant correlation between the length and depth 
of MB [28]. In Turkish, Fazliogullari et al. [12] stated 
that the range of MB thickness was 0.18–3.29 mm 
and its mean was 0.88 ± 0.59 mm for all MB, 1.7 ± 
± 0.9 mm in deep MB and 1.0 ± 0.9 mm in superficial 
type, with a high significant correlation in-between. 
In the present study, the mean thickness of MB was 
2.28 ± 0.13 mm for all, 2.5 ± 0.17 for those over 
AIA, 1.8 ± 0.3 mm for those on DA, 1.41 ± 0.24 mm 
for MB over PIA and 0.99 ± 0.15 for MB on RMA. 
Moreover, a high significant correlation was noted 
(p < 0.001) between the length and thickness of MB 
of the same group.
Depending on the course of AIA and the direc-
tion of the overlying myocardial fibres, MB were 
classified into superficial and deep [10]. The authors 
added that in superficial MB the AIA passed within 
the interventricular sulcus and was crossed by the 
myocardial fibres perpendicular or in acute angle, 
while in deep form the AIA deviated towards the 
right ventricle. Moreover, the authors found deep 
MB on AIA in 24.4% of the cases. In accordance with 
the results of the later study, Fazliogullari et al. [12] 
reported that the superficial type of MB was seen 
in 77.4% of 31 MB on AIA and the deep type was 
found in 22.6% of these cases. In the present study, 
5 out of 19 MB (26.3%) on AIA were of deep type 
and the remaining (73.7%) was of superficial type. 
Thus, most of MB were of superficial type. For this 
reason, most of MB were asymptomatic and did not 
cause ischaemic manifestations. Moreover, a third 
type of MB was described into which the tunnelled 
artery was covered partially by myocardial fibres and 
partly by fatty, fibrous, or nervous tissue [5]. In addi-
tion, 4 types of MB were described: superficial, deep, 
incomplete and subendocardial [10, 18].
In agreement with the results of the present stu-
dy, a significant correlation was exhibited between 
the length and thickness of MB [4, 12]. Moreover, 
Bourassa et al. [4] added that with left ventricle hy-
pertrophy, length and thickness of MB were pre-
disposing factors to myocardial ischaemia. Thus, the 
length and thickness of MB might have an effect on 
the ischaemic manifestations of the heart. Conver-
sely, no significant correlation was found between 
the length and thickness of MB, as well as no sex or 
ethnicity difference in prevalence of length, thickness 
or location of MB were observed [20, 28].
In literature, the distance between the beginning 
of MB and the original point of the affected artery 
was rarely reported [12, 28]. In the present study, the 
mean distance between the beginning point of MB 
and that of AIA was 38.2 ± 5.3 mm and its range 
was 20.9–86.7 mm with a significant difference be-
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tween them. In male hearts, the mean of this distance 
was 44.5 ± 2.5 mm, while in female hearts it was 
29.8 ± 2.4 mm. In disagreement with the results of 
the present study, the mean of this distance measured 
30.08 ± 15.51 mm and its range was 0–85.7 mm 
in Turkish hearts, but without sex difference [12]. 
Moreover, in Kenyans, MB on AIA were found at 
a mean distance of 43.51 ± 12.24 mm with a range of 
10–70 mm from the coronary sinus with no significant 
difference between male (43.63 ± 11.85 mm) and 
female (43.18 ± 11.67 mm) hearts [28]. In Japanese, 
the distance of MB from the beginning of AIA was 
48 ± 12 mm in patients with myocardial infarction 
(MI) and 45.7 ± 13 mm in patients without MI with 
a range of 15–100 mm [15].
The concept of dominance coronary circulation 
arose from the fact that the PIA can originate from 
different arteries, what was first proposed by Schle-
singer [27], who stated that the dominant coronary 
circulation was named ‘right dominant’ if the artery 
from which the PIA and posterolateral branches emer-
ge was the RCA, while it was named ‘left dominant’ 
if the origin of these branches was the left circumflex 
artery. The cases in which the RCA gives off the PIA 
and the left circumflex gives off the posterolateral 
branches were referred to as having balanced circu-
lation. The most prevalent pattern in normal human 
hearts was the RCA dominance that was found in 
42–90% of individuals, while the incidence of the LCA 
dominance was reported in different series varying 
from 8% to 33% [20].
According to the criteria introduced by Schle-
singer [27], for determination of the dominant 
coronary arterial circulation, the right coronary do-
minance was found in 56.7% of hearts, followed by 
the balanced coronary artery dominance in 26.7% 
of hearts and left coronary dominance in 16.7% 
of hearts with no significant sex difference in the 
present study. This was consistent with many of the 
published studies [13, 20, 27]. However, the range 
of right dominance was 87–62.5% [5]. Meanwhile, 
the incidence of the balanced coronary dominance 
in the present study was (26.7%) higher than the 
reported ranges of 3–19.1% in literature [5, 19, 20], 
in the other hand, its value was lower than 34% and 
44% that were reported by Schlesinger [27] and Fa-
zliogullari et al. [12], respectively. An approximate 
incidence (15–20%) to that of the left dominance 
in the present study (16.7%) was reported [13, 27], 
while a lower incidence was found in other studies 
[5] and a higher incidences (33% and 23%) were 
previously reported as well [20].
The variant incidence of dominant coronary cir-
culation may be related in part to the ethnic diversity 
of the populations under the study, number of speci-
mens, type of study (cadaveric or radiologic) or due to 
the classification pattern of coronary circulation [20], 
where the right coronary dominance were observed 
in 82% to 84.2% of Kenyan, Brazilian and Iranian 
hearts [7, 28], and in 60.5% of Pakistanian hearts [13].
The dominance pattern of the coronary cir-
culation has a great clinical importance, where 
a significant correlation was reported between the 
coronary dominance on one hand and the inciden-
ce and prognosis of the coronary artery diseases 
on the other hand. The right coronary dominan-
ce revealed a significant association with corona-
ry occlusive disease and RCA lesion [9]. Though 
right coronary dominant circulation was the most 
prevalent pattern in most studies, the incidence 
of coronary artery diseases, cardiogenic shock and 
isolated aortic stenosis were more frequently recor-
ded among patients with left or balanced coronary 
dominance compared to those with right coronary 
dominant circulation [13]. Moreover, left coronary 
dominance was found to have significantly higher 
mortality than right and balanced dominances. 
Lesion of AIA would have more profound clinical 
importance in a left dominant heart than in a right 
dominance, where dominance had a role in AIA 
stenosis [11]. These results were in disagreement 
with the findings reported by Balci and Yilmaz 
[7], who stated that the dominancy of coronary 
circulation does not predispose to coronary at-
herosclerosis. Moreover, the dominance coronary 
circulation plays an important role in the inferior 
infarcts of the heart. Although the inferior wall 
infarcts were less extensive than anterior infarcts, 
they were more important as they can cause various 
degrees of atrioventricular block in approximate 
30% of cases. The dominant RCA usually supplies 
the atrioventricular node. Therefore the inferior 
wall infarcts caused by occlusion of the RCA will 
have higher risk of atrioventricular nodal block [1].
Most of the researches did not study sex differ-
ences in the incidence of the dominant coronary 
circulation. In the present study, the incidence of 
3 different types of the coronary circulation revealed 
no significant difference between male and female 
hearts with dominant right coronary circulation in 
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each. However, balanced type of the coronary circula-
tion was the dominant one in both genders with no 
significant differences between left and right domi-
nant types [14].
The correlation between the presence of MB and 
the type of coronary circulation was rarely investi-
gated in literature [6, 20]. In the present study, MB 
were found in 27 out of 60 (45%) hearts, with no sex 
difference. Most of them was seen in the hearts of 
right dominant circulation (52.9%), followed by the 
left dominant hearts (40%) and then the balanced 
dominant hearts (31.3%), however from 77.8% of 
MB were observed on the branches of LCA with no 
significant difference regarding the types of coronary 
circulation and from 22.2% of MB were seen over the 
branches of RCA with a higher incidence in the right 
dominant circulation. In accordance with the results 
of the present study, a high incidence of MB was seen 
over the LCA in case of right coronary dominance [6]. 
The authors added that in such cases the obstruc-
tion of LCA by MB could be overcome by the wider 
distribution of RCA with less incidence of myocardial 
suffering and infarcts. Moreover, the obstruction of 
the dominant artery by the effect of MB could result 
in bad effect due to larger mass of myocardium be-
ing supplied by this dominant artery. However, in 
disagreement with the results of the present study, 
a positive correlation was observed between the pres-
ence of MB and the dominant coronary circulation, 
especially in the left coronary circulation. This cor-
relation was explained on the embryological basis, 
as there was a developmental pattern between left 
coronary dominance and MB over the left coronary 
circulation [20].
Although MB were considered benign or normal 
variant of the heart vasculature, a close association 
between the presence of MB and CHD, arrhythmia, 
sudden cardiac death and cardiomyopathy was re-
ported in different clinical and angiographic studies 
[4, 22]. The direct compression of the musculature of 
MB on the arterial segment under MB and enhance-
ment of the natural progression of the coronary ath-
erosclerosis in the arterial segment proximal to MB 
were 2 main mechanisms of CHD in presence of MB, 
as they induced a change in the haemodynamic stress 
by the force of MB contraction through a combination 
of anatomic properties such as length, site, number 
and thickness [4, 15, 22]. Such abnormal haemody-
namic might in part lead to reduction of the blood 
flow reserve for peripheral perfusion and decrease 
the diastolic period with production of myocardial 
ischaemia [4].
The compression effect of MB to the coronary 
blood flow on the underlying segment was overcome 
by luminal dilatation and intimal thickening of the 
proximal segment to MB [4, 6, 17]. These findings 
were concomitant with those of the present study, 
where the external diameter of the pre-bridge seg-
ment of AIA, DA and PIA was 3.1 ± 0.16 mm, 2.5 ± 
± 0.13 mm and 2.56 ± 0.24 mm and that of the post-
bridge segments was 2.9 ± 0.16 mm, 2.4 ± 0.13 mm, 
2.4 ± 0.18 mm, respectively. Also, thicker intima 
and wider lumen were noted in the segment of AIA 
proximal to MB as compared to the parts under and 
distal to MB. In agreement with the results of the 
present study, 23.05% reduction of the arterial lumen 
was recorded during the passage under MB from 
pre-bridge to post-bridge course, where the arterial 
calibre just before the MB was 2.17 ± 0.16  mm, 
1.92 ± 0.55 mm at a mid-point and 1.67 ± 0.57 mm 
just after MB [5]. Moreover, the comparison of the 
external diameter of the AIA under the MB with that 
of the segments just before and after the MB revealed 
that the external diameter of the segment proximal to 
MB was 2.76 ± 0.76 mm, while that of the segments 
under MB and distal to MB were 2.08 ± 0.54 mm 
and 1.98 ± 0.59 mm, respectively [19]. The differ-
ence in the diameters between proximal and distal 
segments to MB induced a disturbance in blood flow 
with high wall stress. These factors contributed to 
the development of atherosclerosis in the proximal 
segment of the MB [15, 22]. Clinical diagnosis of MB 
must be considered in patients with angina symp-
toms, in absence of the risk factors or evidence of 
ischaemia [24]. Thus, knowledge of mechanical and 
histological effects of MB is essential to determine 
pathophysiology of atherosclerotic changes in hearts 
with ischaemic manifestations without an obvious 
aetiological factor.
In agreement with the findings of the present 
study, the main diameter of the intramuscular seg-
ments was 2 ± 1.8 mm and 1.5 ± 0.6 mm for AIA 
and the remaining arteries respectively, while the 
diameter of the proximal segments was significantly 
larger than that of the intramuscular segments, being 
2.8 ± 0.5 mm for AIA and 1.9 ± 0.3 mm for the rema-
ining arteries [18]. In addition to the reduction of the 
diameter of the intramuscular segments, structural 
differences between intramuscular and epicardial seg-
ments were noted as well [19]. Marked reduction of 
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the intimal thickness and changes in the endothelial 
cell morphology of the intima were observed in the 
tunnelled segment of the coronary branch. These 
changes might be due to the exposure of intima to 
a high shear stress [10]. Histologically, the intima of 
the bridged segment was formed only of contractile-
-type smooth muscle cells and an abundance of in-
terstitial spiralled collagen, with the absence of the 
synthetic-type of smooth muscle cells that proliferate 
and produce the collagen and elastic fibres in the inti-
ma as atherosclerosis progresses [2]. Similar findings 
were observed in the present study. This structure 
suggests a negative correlation between the MB and 
atherosclerosis.
In the present study, a relative thickening in the 
tunica intima with duplication of internal elastic la-
mina and wider lumen were observed in the arterial 
segments proximal to MB comparing to those of both 
bridged and distal arterial segments to MB. These 
findings were in agreement with that reported in pre-
vious studies [28] and might provide an explanation 
to the higher incidence of atherosclerosis in proximal 
arterial segment to MB with protection to the bridged 
segment [22]. The concentration of elastic fibres in 
the proximal and distal segments to MB might be 
related to more haemodynamics in these segments 
than mere atherosclerosis [28].
In the present study, wide perivascular space con-
taining an excessive amount of connective tissues was 
seen in the bridged arterial segments comparing to 
those of both proximal and distal segments to MB. 
Similarly, a distinct perivascular spaces were noted all 
around the bridged segment of the coronary artery. 
The adipose tissue within this space might constitute 
a coronary cushion against the compressive forces on 
the bridged vessels during the systole [28]. Moreover, 
the adipose tissue within the perivascular space may 
be involved in local stimulation of atherosclerotic evo-
lution through active functions of proinflammatory 
cytokines and adipokines secreted from this adipose 
tissue. However, the authors added that the adipo-
kines source was a controversy whether they derived 
from the blood within the coronary arteries or from 
adipose tissues, where an absence of atherosclerosis 
in coronary artery beneath MB was caused by the lack 
of adipose tissue around this segment [23]. However, 
there was no significant association between the 
adipose tissue ratio of perivascular space beneath the 
MB with atherosclerosis suppression ratio, where the 
adipose tissue neither functions as a coronary cushion 
against MB compression nor was associated with 
the atherosclerosis development [16]. The authors 
added that large amount of fibrosis in MB muscle 
may reduce the compressive force on the bridged 
artery, but they could not find a significant associa-
tion between MB fibrosis rate and the atherosclerosis 
suppression ratio.
The intramural coronary arteries showed thinner 
wall than the epicardial coronary arteries. The rea-
son of this was the difference in the mural stress, 
whether linear (shear) or circumferential (hoop). This 
simple difference could decrease the propensity for 
arteriosclerosis of mural coronary artery, because the 
thinner walls allowed more oxygen and nutrients to 
diffuse to supply the intima, media and adventitia. 
A direct correlation between the mural stress and 
development of atherosclerosis was reported [3]. The 
authors added that in epicardial coronary arteries 
by increase of the thickness of the arterial wall of 
more than 0.035 mm, the vasa vasorum begins to 
develop. The epicardial coronary arteries were inve-
sted by adipose tissue, while the intramural arteries 
were surrounded by the myocardium of MB. Similar 
findings were observed in the segments of the AIA 
of the present study.
The intima–media ratio in presence or absence of 
MB in patients with MI was previously studied [15]. 
The authors revealed that the intima–media ratio was 
usually 0.2 to 0.8 in almost normal AIA and < 1.5 in 
AIA segments that had diffuse intimal thickening or 
mild eccentric raised lesions. Moreover, in cases with 
MB, the intima–media ratio beneath the MB was sig-
nificantly lower than that in the segments proximal 
and distal to the MB, while the ratio of severe intimal 
lesions in proximal segments was higher in patients 
with MI than in cases with no MI. Meanwhile, in 
patients having MI with presence of MB, the intima–
media ratio beneath the MB was significantly lower 
than that proximal to MB and the ratio distal to the 
MB was also lower than that proximal to the MB.
As a result of the association between MB and 
atherosclerosis is controversial (remains unclear), 
different studies were performed to explain this po-
int. In a few specific studies, thinning of the arterial 
wall, absence of vasa vasorum and embryological 
origin of smooth muscle cells on the arterial seg-
ment under MB were supposed to be the protective 
factors against the incidence of atherosclerosis [3], 
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while in others the mechanical compression of MB 
on the underlying arterial segments was supposed 
to be the main factor for the higher incidence of 
atherosclerosis in the arterial segments proximal 
to the MB, where the contraction of the muscle 
fibres of the MB induced an alteration in the hae-
modynamic force and increased shear stress in the 
arterial segment under MB. Such higher shear stress 
reduced the ability of the intimal smooth muscle 
cells to produce collagen fibres, changed the shape 
of the endothelial cell lining the proximal arterial 
segments to become polygonal and flat, while those 
under MB were spindle-shape, engorged and aligned 
in the direction of the blood flow [17]. The diffe-
rences in shape and alignment of the endothelial 
cells between the proximal and under segments of 
MB reduced the susceptibility to atherosclerosis in 
the arterial segments under MB [15]. Moreover, an 
absence of atherosclerosis in the coronary segment 
beneath MB might be in part due to the lack of adi-
pose tissue around the arterial segment beneath MB 
[23]. Conversely, there was no significant association 
between the adipose tissue ratio of perivascular spa-
ce beneath the MB with atherosclerosis suppression 
ratio [16]. Rare occurrence of atherosclerosis in the 
arterial segments under and distal to the MB due 
to a decreased tensile stress, increased endothelial 
shear stress and decreased wall motion during car-
diac cycle [8].
MB are common finding at autopsy of normal 
subjects with no gender-significant difference. It has 
been thought to be a congenital, generally benign 
anatomic variation with an embryological base. MB 
had different number, length and thickness. Com-
monly, they were seen on AIA and to a lesser extent on 
RCA. The presence of MB may predispose to different 
heart diseases like ischaemia, arrhythmias, ventricular 
dysfunction and sudden cardiac death due to the 
higher incidence of atherosclerosis in the segments 
just proximal to them, whereas the tunnelled segment 
is relatively spared despite the evidence of endothelial 
dysfunction with subsequent vasospasm and throm-
bosis. Wider lumen and thicker wall were observed 
in the segment just proximal to MB comparing to 
that of both tunnelled and distal segments. Thus, 
the knowledge of MB is essential for cardiologists to 
detect aetiology of different heart-related problems, 
to plan the mode of treatment and to predict their 
prognosis as well.
CONCLUSIONS
Awareness of the morphological properties and 
pathological effects of the MB on the epicardial coro-
nary branches can help the clinicians and cardiologists 
to plan better therapeutic strategies and surgical 
decision in patients with CHD who have an MB. Also 
the dominant coronary artery circulation and its cli-
nical importance should be known by cardiologists 
and be included in their interpretations and decision.
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